Here we present the first detailed characterization of Praomys tullbergi karyotype, enlightening several chromosome features such as constitutive heterochromatin, telomeric and LINE-1 sequences. The combination of these approaches provided some interesting insights about the genome organization of this African species, which is one of the tullbergi complex elements, a group of species belonging to Murinae (Rodentia, Muridae). Evolutionary considerations on Praomys chromosomes were also achieved, namely, the autosomal complement and the X chromosome from P. tullbergi seem to be derivative chromosomes, most probably resulting from extensive reshufflings during the course of evolution. This conclusion came from the fact that the majority of the chromosomes telomeric sequences are located interstitially, seeming footprints of evolutionary chromosome rearrangements. The detailed analysis of Praomys tullbergi X chromosome suggests that chromosome rearrangements and/or centromere transpositions and addition/elimination of heterochromatin must have been the main evolutionary events that shaped this chromosome.
Introduction
The so-called Praomys group (Rodentia, Muridae) is one of the most diverse and abundant groups of Old World rodents. Praomys tullbergi (PTU) belongs to the tullbergi complex, one of the two species complexes in which the group is divided (Lecompte et al., 2005) . The recent literature is not concordant about the number of species comprising the genus; 15 species according to Musser and Carleton (2005) , or 11 species according to Lecompte et al. (2005) . The lack of information about Praomys raises the importance of a detailed characterization of the group. Dobigny et al. (2002) denote that in the case of African murids, cytogenetic variations provide some of the most reliable diagnostic criteria. Unfortunately, cytogenetic information is lacking for a great part of the recognised Praomys species. No banding or molecular cytogenetic techniques have been applied to chromosomes of P. tullbergi; the only information regarding its chromosomes is a diploid number of 34, being the sex chromosomes an acrocentric Y and an acrocentric or metacentric X chromosomes, according to Matthey (1958) and Granjon et al. (1992) or Capanna et al. (1996) , respectively.
Among the different genomic compartments, constitutive heterochromatin (CH), including satellite DNAs and other repetitive sequences have proven to be reliable markers in evolutionary studies (e.g. Saffery et al., 1999; Chaves et al., 2005; Adega et al., 2006) . A substantial proportion of the higher eukaryote genome consists of CH, usually residing at the pericentromeric chromosome regions (Chaves et al., 2000) . Constitutive heterochromatin and its size differences can be easily identified by the extremely useful technique of Cbanding, but other analytical techniques are indispensable when detailed information on the nature and origin of CH is required. Among these technologies, base-specific fluorochromes staining (which delimit chromosome regions rich in AT or GC DNA bases) have proven reliability in the understanding of the mechanisms involved in CH evolution in different genomes (Pieczarka et al., 1998) .
Telomeres, the end caps of chromosomes, are specialized functional complexes made up of protein and DNA that not only protect the ends of eukaryotic chromosomes (Liu and Fredga, 1999; Blackburn, 2001) , but also play an important role in replication, nuclear organization, cellular ageing, tumour progression and gene regulation (Blackburn, 2001) . Telomeric DNA consists of sequence motifs of 5-8 bp tandemly repeated, forming long double-stranded homogeneous regions (Henderson, 1995) . The (TTAGGG) n sequences are found mainly at the ends of all vertebrate chromosomes investigated so far, but relatively large blocks of this sequence were already found, in many species, at non-telomeric sites, known as interstitial telomeric sites (ITS) (Liu and Fredga, 1999) . The most common ITS are located at the chromosome's pericentric regions (Meyne et al., 1990; de la Sena et al., 1995) , but their origin and function are still unclear, although it is considered that such atypically situated telomeric sequences may be related to chromosome rearrangements and thus represent mirror steps of karyotype evolution (Baker and Bickham, 1986; Meyne et al., 1990; de la Sena et al., 1995; Slijepcevic, 1998) .
Besides the highly abundant satellite DNA already referred, the mammalian genome also contains repeated sequences interspersed in the euchromatin: the short interspersed repetitive elements (SINEs) and the long interspersed repetitive elements (LINEs) that comprise LINE-1 (or L1), the most abundant and active retrotransposon in the mammalian genome (Boyle et al., 1990; Marchal et al., 2006) . LINE-1 sequences in mammals have traditionally been quoted as a selfish element persisting in the genomes due to a replicative advantage over the host genome. Lately this hypothesis has been questioned, and a functional meaning has been addressed to LINE-1 sequences. L1 elements could have acquired some beneficial functions for the host genome as a consequence of parallel coevolution (Britten, 1996a, b) , or could play an important role in genome organization and expression at the chromosomal level (Bickmore and Sumner, 1989) . The most remarkable example to explain these hypotheses is its supposed implication in X chromosome inactivation (Bailey et al., 2000; Lyon, 2006) . L1 is perhaps the most significant dynamic force operating on the mammalian genome, being the L1 retrotransposition responsible for the generation of new L1, SINE and pseudogene insertions, and causing exon shuffling by transduction of non-L1 sequences (Martin et al., 2005) . The high-copy and interspersed nature of L1s and SINEs provide the opportunity for homologous recombination on misaligned chromosomes, leading to translocations, gene duplication and loss (reviewed in Moran and Gilbert, 2002) . A structural feature of L1 is a nonrandom physical distribution in the mammalian genome. It was shown that these retroelements are preferentially located at the AT-rich isochores (G-positive bands, late-replicating DNA) of the genome (Boyle et al., 1990) , nevertheless a striking and still controversial issue is the special accumulation that they seem to present in the sex chromosomes (Bailey et al., 2000; . Nevertheless, analyses on L1 chromosomal distribution are limited, and few mammalian species have been investigated so far (Marchal et al., 2006) .
In the present study, we make a detailed description of P. tullbergi (Thomas, 1894) karyotype, enlightening several chromosomal features related with constitutive heterochromatin, telomeric and LINE-1 sequences. A preliminary draft on P. tullbergi karyotype and X chromosome evolution is suggested.
Materials and methods

Chromosome preparations
A fibroblast cell line from a male P. tullbergi (PTU) was obtained from the cell and tissue collection housed at the Department of Systematics and Evolution, Muséum National d'Histoire Naturelle (MNHN). Standard cell culture from PTU was performed as previously described (Chaves et al., 2004a) in order to prepare fixed chromosome spreads.
GTD-banding
Air-dried slides were aged at 65 8C overnight and were submitted to standard procedures of G-banding with trypsin. The slides were then fixed with formaldehyde as described by Chaves et al. (2002) . Briefly, dry slides were placed in a 1 PBS solution (2 min 5 min) before fixation in 3% formaldehyde (Sigma)/1 PBS (room temperature). After fixation for 10 min, slides were dehydrated for 5 min each in 70%, 90% and 100% chilled ethanol and air dried. At this step, slides were stained with DAPI (instead of routine Giemsa) for a better contrast (Chaves et al., 2002) . The inversion of the DAPI colour in Adobe Photoshop revealed the chromosomes G-banding (GTD-banding, G-bands by trypsin with DAPI) for its identification.
2.3. CBP-banding sequential to G-bands or chromomycin A3 (CMA3)
The C-banding sequential to G-bands or to chromomycin A3 staining (CMA3) was performed by distaining the slides and submitting them to C-banding technique. CBP-banding (Cbands by barium hydroxide using propidium iodide) was done following the standard procedure of Sumner (1972) but with propidium iodide as a counterstain. Briefly, the slides were submitted to routine C-banding: hydrochloric acid (0.2 M) for 20 min, barium hydroxide (5% solution) for 7 min and 2 SSC (saline sodium citrate) at 60 8C, 40 min.
DAPI and CMA3 staining
DAPI (4 0 ,6 0 -diamidino-2-phenylindole) and CMA3 (chromomycin A3) staining was performed in fresh fixed chromosome spreads, following routine procedures. The fluorochrome staining was done sequentially, also in combination with the Cbanding technique, that is: DAPI + CMA3 + CBP.
Fluorescent in situ hybridization (FISH)
The telomeric probe (TTAGGG) n was generated and labelled with digoxigenin-11-dUTP (Roche Molecular Biochemicals) by PCR, as described by Ijdo et al. (1991) . The synthetic oligonucleotides (TA) 10 were end-labelled also with digoxigenin-11-dUTP by terminal transferase (Roche Molecular Biochemicals), following the manufacturer's instructions. Whole chromosome paint probes from Mus musculus (MMU) representative of the X and Y chromosomes were purchased at Chrombios GmbH and were labelled with digoxigenin-11-dUTP (Roche Molecular Biochemicals) or biotin-16-dUTP (Sigma). Finally, the LINE-1 probe was synthesized by PCR from the P. tullbergi genome and fluorescently labelled with digoxigenin-11-dUTP (Roche Molecular Biochemicals). The primers used were the ones described by Deuve et al. (2006) and amplified a 290 bp DNA fragment. Labels were detected by FITC conjugated with avidin (Vector Laboratories) and anti-digoxigenin-rhodamine (Roche Molecular Biochemicals). All the FISH procedures were the standard ones.
Chromosome observation
Chromosomes were observed with a Zeiss Axioplan 2 Imaging microscope coupled to an Axiocam digital camera and AxioVision software (Version 2.0.5-Zeiss). Digitised photos were prepared for printing in Adobe Photoshop (Version 5.0); contrast and colour optimisation were the functions used and all affected the whole of the image equally.
Results
G-and C-banding
Cytogenetic analysis of P. tullbergi (PTU) revealed a karyotype composed by 16 acrocentric autosomes ( Fig. 1a and b), being the sex chromosomes a large submetacentric X and an acrocentric Y ( Fig. 1a and b) . In Fig. 1c and d is possible to observe that most of the autosome constitutive heterochromatin (CH) is centromeric, however some interstitial and telomeric Cbands can be distinguished in a few chromosomes (e.g. chromosomes 16 and 10, respectively). The sex chromosomes are the ones presenting the higher amount of CH, namely, the X chromosome presents six CH regions, of which one is a prominent pericentromeric C-band in the p-arm and five are interstitial, one of which is a huge C-band in the q-arm. The Y chromosome is largely heterochromatic being even difficult to discriminate any differential staining (see Fig. 1d ). Single Cbanding was also performed in these chromosomes revealing no significant differences from the observed C-banding after Gbanding.
Fluorochrome staining
The application of DNA-specific fluorescent dyes was performed in order to ascertain the affinity to AT-or GC-rich regions in P. tullbergi chromosomes (Fig. 2) .
In a broad observation, DAPI staining revealed a Gbanding like pattern in all autosomes as well as in the X chromosome (cf. Fig. 2d with Fig. 1b) .
The Y chromosome did not show any longitudinal differentiation; however it was possible to observe a homogeneous bright fluorescent staining in the whole chromosome, indicative of a preferential AT base composition (Fig. 2d) .
CMA3 revealed a bright fluorescence in the majority of the C-positive regions and in some chromosomes it is even possible to observe a less pronounced R-like banding (e.g. Fig.  2d, chromosome 2) . In the Y chromosome a small GCenriched terminal region was detected (Fig. 2d) .
The sequential C-banding (Fig. 2d) enabled to discriminate the molecular composition (AT, GC or AT + GC) of P. tullbergi CH regions, which is referred (identified) next to the bands in Fig. 2 . In the autosomes, the telomeric CH demonstrated to be of AT or GC nature, and the interstitial Cbands GC or AT + GC. In the X chromosome it was possible to discriminate the interstitial C-bands into two CH subclasses: AT + GC and GC.
Telomeric in situ hybridization sequences
The chromosomes of P. tullbergi showed discrete telomeric hybridization signals on both chromatids at the telomere domains in all the chromosomes ( Fig. 3a and b) . Moreover, a large number of acrocentric autosomes also displayed interstitial telomeric sites (ITS) located at pericentromeric (e.g. PTU 11 and PTU15 in Fig. 3b ) and/or interstitial regions (e.g. PTU6 and PTU9 in Fig. 3b ) and this was also observed in the X chromosome (Fig. 3d) . This evidence was confirmed by in situ hybridization with the oligonucleotide (TA) 10 in PTU chromosomes ( Fig. 3c and d) , that revealed essentially similar in situ hybridization signals to the ones obtained with the telomeric vertebrate probe.
Further analysis of PTU sex chromosomes with MMUX, MMUY and LINE-1 probes
In order to increase our current knowledge on the sex chromosomes, painting probes from M. musculus X and Y chromosomes and the LINE-1 probe prepared from PTU were in situ hybridized to PTU chromosome spreads (Fig. 4) . In Fig. 4a it is possible to observe that the MMUX paint probe produces at least, three syntenic blocks in PTUX chromosome; the regions not hybridized by this probe are the major C-bands already described above in the PTUX chromosome. The MMUY paint probe disclosed only a small syntenic block in the PTUY chromosome (Fig. 4b) , what is not surprising since this chromosome revealed to be extremely heterochromatic.
Finally, as referred, we also analysed LINE-1 distribution on PTU chromosomes (Fig. 4c) with the aim to observe an eventual privileged accumulation of this sequence on the X chromosome, as described by some authors (e.g. Lyon, 2006; Marchal et al., 2006) . Analysis of Fig. 4c shows that this sequence is not found in the centromeric heterochromatin blocks neither in the interstitial heterochromatic regions of the autosomes. The sex X chromosome showed these same hybridization features, and the Y chromosome demonstrated a preferential accumulation of LINE-1 sequences at the terminal region (syntenic region of the MMUY probe, cf. Fig.  4b) . Moreover, the LINE-1 probe produces an almost longitudinal differentiation of the chromosomes capable of a banding pattern, with a privileged location at the AT-rich isochores. There was no preferential accumulation of LINE-1 sequences at the sex chromosomes compared to the autosomal complement.
Finally, in Fig. 5 we present a compilation of all the results (Fig. 5a-e) concerning the sex chromosomes and respective ideograms (Fig. 5f ) for a straightforward discussion of all data.
Discussion
Karyotype features of P. tullbergi
The cytogenetic characterization provides some of the most reliable taxonomic criteria (Dobigny et al., 2002; Seuánez et al., 2005) but this is still scarce for most of the recognised Praomys species. In the current work, we present the first detailed documented characterization of P. tullbergi (PTU) karyotype (one of the Praomys genus species), using classical and molecular cytogenetic tools that allowed to draw a compre-hensive and clear cytogenetic picture of this species.
The PTU karyotype is essentially acrocentric with 16 acrocentric autosome pairs, a large submetacentric X and an acrocentric Y chromosome (Fig. 1) . C-banding technique revealed that most of the autosome constitutive heterochromatin (CH) is located at the centromeric regions; however it is possible to disclose interstitial and telomeric CH regions (Fig.  1) . The sex chromosomes are the ones presenting the higher amount of CH, being the Y chromosome essentially heterochromatic (Fig. 1) .
DNA-specific fluorescent dyes (DAPI + CMA3) plus Cbanding allows an expedite characterization of CH (regarding its location, detection of different subclasses and revelation of its molecular composition) much more accurately than the classical single C-banding (that only reveals the localization of the major CH blocks). The application of such DNA-specific fluorescent dyes resulted in an enhanced characterization of the DNA base composition of PTU karyotype (Fig. 2) , as well as a CH class categorization. With this methodology it was possible to find, at least, five CH classes in the autosomal complement: one centromeric, two interstitial (GC and AT + GC nature) and three telomeric CH classes (GC, AT and AT + GC composition). The X chromosome revealed, at least, three CH classes: one pericentromeric and two interstitial (AT + GC and GC nature). The present work demonstrated that the application of DNA-specific fluorescent dyes and sequential C-banding (Fig.  2) could be an alternative tool for the analysis of rodent chromosomes constitutive heterochromatin heterogeneity, especially when other specific techniques, as fluorescent in situ hybridization with repetitive DNA sequences, are not available. Since the presence of CH facilitates the occurrence of chromosomal rearrangements, as in accordance with several authors (Yunis and Yasmineh, 1971; Chaves et al., 2004b) , its analysis should be a helpful tool in evolutionary studies.
Constitutive heterochromatin characterization of P. tullbergi chromosomes demonstrated diversity, not only in what concerns location, but also in the existence of subclasses presenting different molecular natures.
In what concerns the analysis of telomeric sequences in P. tullbergi, these were predominantly found at the physical ends of the chromosomes, as expected (Fig. 3) , but several discrete interstitial telomeric repeats (ITS) were also detected in various autosomes and in the X chromosome. Chromosomes of many vertebrate species exhibit ITS, most of them located pericentromerically within regions of constitutive heterochromatin (Meyne et al., 1990) . It has been suggested that these ITSs occurred as a result of Robertsonian-like fusions and fissions (Slijepcevic, 1998) , or tandem chromosome fusions (Li et al., 2000) during karyotype evolution. For instance, in some rodents, most of the ITSs found are located pericentromerically as a result of Robertsonian translocations (e.g. Fagundes et al., 1997; Faravelli et al., 1998; Andrades-Miranda et al., 2002; Castiglia et al., 2006) . Dobigny et al. (2003) reported ITSs located at interstitial chromosome regions in Taterillus sp. resulting from tandem fusions. In contrast, Robertsonian exchanges in the house mouse showed complete loss of the telomeres (Garagna et al., 1995; Nanda et al., 1995) . Some of these ITSs co-localize with Cbands, whilst others does not (data showed for the X chromosome, Fig. 5 ). Several hypotheses have been addressed in the literature to explain how these interstitial telomeres present in the chromosomal arms may have lost their function and become inactive (see for instances Slijepcevic, 1998) . Nevertheless, the conservation or, at least, partial conservation of these telomeric repeats can be explained by their inactivation, thus favouring true end-to-end fusions (Slijepcevic, 1998 ). An alternative explanation is that only degenerated telomeric repeats are observed, suggesting the presence of subtelomeric arrays rather than true and formerly functional TTAGGG repeats (Slijepcevic, 1998) . It is also possible that ITSs may reflect saltatory replication of telomeric sequences from inactive centromeric regions of compound chromosomes (Pathak, 1995) . This specific explanation can be illustrated by satellite DNA families exhibiting telomeric repeats integrated in the original sequence, as it is the case of FA-SAT from Felis catus (Fanning, 1987; Santos et al., 2004) and for ITSs that co-localize with C-bands (as a great amount of CH is composed of centromeric satellite DNA sequences). Therefore, and from the referred above, it seems that karyotypes and chromosomes in a more primitive evolutionary state would contain telomeric repeats solely located at the telomeres (Meyne et al., 1990) . In this way it is reasonable to consider PTU karyotype a derivative one, as it is possible to detect ITSs at several chromosome arms. Furthermore, these ITSs most probably are the result of tandem fusions, since the majority of them are located at interstitial chromosomal regions, as described in Taterillus sp. by Dobigny et al. (2003) . This hypothesis is currently being verified in our lab by comparative chromosome painting. In what concerns the telomeric repeats located pericentromerically, they do not seem likely to be the result of Robertsonian translocations, given that the PTU karyotype is acrocentric.
The integration of telomeric repeats by saltatory replication in the centromeric satellite DNA seems a more probable scenario, even more because these ITSs are C positive. This assumption needs further support, namely with physical mapping of satellites isolated from PTU genome, particularly the ones located at the centromeres. Nevertheless, other explanations can be drawn, as for example, the occurrence of small pericentric inversions.
Although the origin and function of ITS still remains unclear, it is considered, as referred, that such atypically situated telomeric sequences may be related to chromosomal rearrangements and thus representing mirror steps of karyotype evolution (Baker and Bickham, 1986; Meyne et al., 1990; de la Sena et al., 1995; Slijepcevic, 1998) . From our results, we believe that the telomeric repeats detected pericentromeric and interstitially in several chromosomes of P. tullbergi karyotype are nonambiguous footprints of evolutionary chromosome rearrangements.
The sex chromosomes of P. tullbergi
To obtain a comprehensive analysis of P. tullbergi sex chromosomes, X and Y whole chromosome paint probes from M. musculus were in situ hybridized to PTU chromosome spreads. Simultaneously the genome was analysed regarding LINE-1 retrotransposition sequences (Fig. 4) . Fig. 5 shows a collection of all the results on Praomys sex chromosomes.
The X chromosome from M. musculus (MMUX) delineated, at least, three syntenic segments in the submetacentric PTUX chromosome. These three syntenic segments seem to comprise three small CH regions in the PTU q-arm (cf. Fig. 5f ), probably due to an artefact of the fluorescent signal expansion, since painting probes are enriched in single copy DNA sequences. MMUY probe revealed in PTUY only a small syntenic region in the terminal q-arm ( Fig. 5e and f) . To some extent this was an expected result, since the PTUY chromosome is essentially heterochromatic (Figs. 1d and 5e) .
The sex chromosomes from Rodentia sp. are extremely diverse, display different contents of heterochromatin, and is even frequent to find species with autosomal/X-chromosome translocations (e.g. Deuve et al., 2006) . The comparative analysis of the X chromosomes from Rattus norvegicus (RNO) and M. musculus in the syntenic view of the Ensembl database (www.ensembl.org) demonstrated that both acrocentric X chromosomes are extremely rearranged, being separated by, at least, two major inversions, with other small segments involved in other rearrangements. The direct comparison of PTUX (submetacentric, six CH regions, Fig. 5 ) with MMUX (acrocentric, two C-bands of which one centromeric and other interstitial, data not shown) and RNOX chromosomes (acrocentric, two C-bands of which one centromeric and other interstitial, data not shown) clearly shows differences in respect to morphology and heterochromatin content, suggesting that chromosome rearrangements and/or centromere transpositions and addition/elimination of heterochromatin must have been involved in the evolution of these chromosomes. The detection of ITSs in PTUX (Fig. 5f ) is also indicative of chromosomal rearrangements occurrence, as they may represent remnant DNA sequences from the ancestor telomeres. Moreover, and as referred, the ''Synteny view'' comparative analysis (genome bowser Ensembl (www.ensembl.org)) between MMUX and RNOX lead us to suggest that PTUX chromosome is most probably the result of a much more complex evolutionary scenario requiring further investigation.
At present, there is strong evidence for an accumulation of LINE-1 on the X chromosome in such a distribution that could fulfil the function of booster elements in XCI (Lyon, 2006) ; whether or not L1 have indeed such a function, is less clear (Lyon, 2006) . Moreover, L1 is a source of genetic diversity due to changes in gene expression, location and organization, which is considered fundamental for genome plasticity and hence, evolution (Kidwell, 2002) . Based on these assumptions, we analysed the distribution and relative chromosome density of LINE-1 sequences in PTU chromosomes (Figs. 4c and 5d and f). LINE-1 sequences were observed with a preferential location at the AT-rich isochores and showed a ubiquitous chromosome distribution resembling a banding pattern, known to correspond to G-positive regions (AT-rich isochores) (cf. Fig. 5d , and see e.g. Boyle et al., 1990) . The centromeric and interstitial heterochromatic blocks did not show the presence of this sequence. Furthermore, we did not detect any preferential accumulation of LINE-1 sequences in the sex chromosomes, when compared with the autosomal complement, what is somehow surprising when confronted with other works already referred. Curiously, the Y chromosome revealed an accumulation of these sequences at the terminal region (exactly in the syntenic region of MMUY). Importantly, and in marked contrast to the distribution shown in most mammals (Boyle et al., 1990; Bailey et al., 2000; Dobigny et al., 2004; Ross et al., 2005) and particularly in some other rodents (e.g. Casavant et al., 2000; Deuve et al., 2006) , there was no enrichment on the X chromosome of P. tullbergi. The finding of a general chromosome distribution of LINE-1 in some species could be an important issue in the ascertainment of the exact role of these elements in X-chromosome inactivation and should therefore, be further analysed.
Concluding remarks
Although the order Rodentia is the most speciose of all mammals, with more than 2000 recognized species (Wilson and Reeder, 2005) , few karyotypic and chromosome studies have been undertaken in the different taxa. At present, a time where the rodent chromosome evolution field is experiencing a great expansion, the karyological knowledge should be the foundation to any genomic research.
As far as we know, this is the first detailed characterization of P. tullbergi karyotype. Our data demonstrates that the autosomal complement as well as the X chromosome from P. tullbergi are derivative, and must have been extremely rearranged during the course of evolution. This idea is supported by the CH characterization and the ITSs detected on these chromosomes, which point to the occurrence of evolutionary reshufflings and may represent a suitable tool in reconstructing the path of karyotypic rearrangements and assisting in the inference of ancestral chromosomes and karyotype forms. Finally, the level of rearrangements implicated in P. tullbergi chromosome evolution suggested by our results evidences the absolute need for a comparative genomics analysis of the karyotype with more robust molecular tools. 2 . The application of DNA-specific fluorescent dyes was performed in order to ascertain the affinity to AT or GC-rich regions in P. tullbergi karyotype. A metaphase from P. tullbergi with the sequential treatments (DAPI + CMA3 + CBP) is showed (a, b and c, respectively). In d it is presented the haploid karyotype of the three treatments for an improved comparative analysis. Examples of the different constitutive heterochromatin regions molecular composition are indicated in the image (AT, GC, AT + GC). Fig. 3 . In situ hybridization of (a) telomeric DNA sequences (TTAGGG) n and (c) oligonucleotide (TA) n probes (both probes were detected with anti-digoxigenin-rhodamine, presented in red colour) to metaphase chromosomes of P. tullbergi (chromosomal DNA was stained with DAPI, presented in blue colour). In b and d are shown the karyotypes of the metaphases a and c, respectively. Fig. 4 . In situ hybridization of (a) MMUX (detected with anti-digoxigenin-rhodamine, presented in red colour) and (b) MMUY (detected with FITC conjugated with avidin, presented in green colour) paint probes to metaphase chromosomes of P. tullbergi (chromosomal DNA is stained with DAPI, presented in blue colour). Representative in situ hybridization of LINE-1 probe in P. tullbergi chromosomes is showed in c. This probe was detected with anti-digoxigenin-rhodamine (red colour) and the P. tullbergi chromosomes were stained as described above. The sex chromosomes are indicated. Fig. 5 . In this figure is presented a compilation of all the data obtained for the P. tullbergi sex chromosomes (a-e) and the respective ideograms (f). In a, the CBP-banding on the X chromosome is presented for different chromosome condensation levels; is important to note that the C-bands detected are similar. From b to e the sex chromosomes are presented but only indicated in image b. Finally, in f the physical localization of the different probes to the sex chromosomes are presented in different colours: red (MMU probes), blue (LINE-1) and yellow (telomeric DNA sequences-TEL).
